This paper begins by proposing two cardinal measures of inequality in life chances as well as an ordinal representation of such inequality based on the use of so-called social immobility curves.
INTRODUCTION
The topic of intergenerational mobility measurement has been increasingly popular among economists in recent years (for interesting surveys see, for example, Solon 1999; Corak, Gustafsson, and Österberg 2004) . In a recent paper, Van de gaer, Schokkaert, and Martinez (2001) have made a distinction between three meanings of intergenerational mobility, stressing, respectively, the idea of movement, the inequality of opportunity, and the inequality of life chances.
When mobility is viewed as movement, the goal is usually to measure the degree to which the position of children is different from that of their parents. Those adopting such an approach tend to work with transition matrices whose typical element p ij refers to the probability that a child has position j, given that his/her parents had position i. These matrices are square matrices and it should be clear that mobility in this sense will be higher the smaller the value of the probabilities p ii .
The second approach to mobility attempts to measure the degree to which the income prospects of children are equalized, that is, they do not depend on the social origin of the parents.
What is often done in such types of analyses when comparing, for example, two groups of parents (e.g., two educational levels or two occupations) is to check whether the distribution of the outcomes (incomes) of the children of one group of parents stochastically dominates the distribution of the second category of parents (see, for example, Peragine 2004; Lefranc, Pistolesi, and Trannoy 2006) .
The third approach emphasizes the concept of inequality of life chances so that "the only thing that matters here is that children get equal lotteries. The prizes do not matter." (Van de gaer, Schokkaert, and Martinez 2001) . Such an approach is particularly relevant when one analyzes the movement between socioeconomic categories which cannot always be ranked in order of importance.
In the present paper we focus most of our attention on the third approach and first propose two cardinal measures of social immobility (inequality in life chances) that do not require the matrix to be analyzed to be a square matrix. This allows us, for example, to study the transition from the original social category (educational level or occupation) of the parents to the income class to which the children belong. But these measures could also be applied to an analysis of the transition from one type of social category (e.g., educational level of the parents) to another type of social category (profession of the children), assuming there is no specific ordering of these categories. We also propose an ordinal representation of this approach, based on the use of what we have called "social immobility curves."
In the second stage of the analysis we stress the importance of the marginal distributions when comparing social immobility in two populations. What we want to emphasize is that it makes sense to neutralize the differences between the two populations concerned in the distribution of the parents by social category (e.g., occupation or educational level) and the income distribution of the children. More specifically, we suggest borrowing a method that has been used in the field of occupational segregation measurement to make a distinction, when comparing two populations, between differences in gross and net social immobility, the latter concept assuming that the marginal distributions of the two populations compared are identical.
In a third stage, borrowing some ideas of the recent literature on the equality of opportunity (e.g., Roemer 1998; Kolm 2001; Ruiz-Castillo 2003; Villar 2005) , we define the concept of inequality in the circumstances curve and relate it to the social immobility curve previously presented.
Two empirical illustrations then attempt to illustrate the usefulness of the concepts previously defined. The first set of data comes from a survey conducted in France in 1998 and allows us to measure the degree of social immobility and inequality in circumstances on the basis of information on the occupation of fathers or mothers and of the income class to which sons or daughters belong. Using a second set of data, based on a social survey conducted in Israel in 2003, we then measure social immobility and inequality in circumstances by studying the transition from the educational level of the fathers to the income class to which the children belong. Both illustrations seem to confirm the usefulness of the tools of analysis described in this paper. Concluding comments are given at the end of the paper.
MEASURING SOCIAL IMMOBILITY

2.A. Cardinal Measures of Social Mobility
2.A.1. Defining Two Indices of Social Immobility
Let us assume a data matrix (M) whose lines (i) correspond to the social origin of the individuals (e.g., occupation of the father or mother, or educational level of the father or mother) and whose columns (j) correspond to the income brackets to which these individuals belong. For example, M ij would give the number of individuals whose income belongs to the income bracket j and whose father had educational level i. Perfect social mobility may be assumed to exist when the probability that an individual belongs to a specific income bracket (k) is independent of his social origin (h) (e.g., educational level of his father). In other words, in such a case we could write that m hk = (m h. m .k ). As a consequence, any index measuring the degree of independence between the lines and the columns of such a matrix could be selected as a measure of social mobility.
A first measure one may think of is an entropy related index such as one of Theil's (1967) famous indices which amount somehow to comparing "prior probabilities" with "posterior probabilities." In our case the "prior probabilities" would be the products m h. m .k , while the "posterior probabilities" would be the proportions m hk . Such a formulation of the Theil index would be
The subscript "sim" in T sim in (1) indicates that such an index would, in fact, be a "social immobility index" because it would be equal to 0 when there is perfect independence between the social origins and the income brackets.
Another possibility is to use a Gini-related index, as suggested originally by Flückiger and Silber (1994) . As stressed also by Silber (1989a) , the Gini index may be also used to measure the degree of dissimilarity between a set of "prior probabilities" and a set of "posterior probabilities."
In the case of inequality measurement, the "prior probabilities" are the population shares and the "posterior probabilities" the income shares, while when measuring occupational segregation by gender, the "prior probabilities" are, for example, the shares of male workers employed in the various occupations and the "posterior probabilities" the corresponding shares of female workers (or the reverse).
Such a Gini-related index of social (im)mobility may be expressed as
where […(m i. m .j )…]´ is a row vector giving the "prior probabilities" corresponding to the various (I×J) cells (i,j), while […..m ij ….] is a column vector giving the "posterior probabilities"
(the actual probabilities) for these cells. Note that, as indicated in Silber (1989a) , the elements of these row and column vectors have both to be ranked by decreasing ratios (m ij )/(m i. m .j ). The operator G in (2), called G-matrix (see Silber 1989b) , is a (I×J) by (I×J) square matrix whose typical element g pq is equal to 0 if p=q, to -1 if p>q, and to +1 if p<q.
Note that the index G sim is also a social immobility index because it will be equal to zero when all "prior probabilities" (m i. m .j ) are equal to the "posterior probabilities" m ij and in such a case we would have perfect mobility. However, since the Gini index is bounded by 0 and 1, we can define a social mobility index G sm as In the specific case when m ij = (m i. m .j ) ∀i and ∀j, this curve will become the diagonal line going from (0,0) to (1,1).
Assume now that (m fh /(m f. m .h ))>(m fk /(m f. m .k )) and that (m lk /(m l.m.k ))>(m lh /(m l.m.h )).
Assume also that two "transfers" of size δ take place, one from m fh to m fk and one from m lk to m lh , so that the combination of these two transfers implies that there was no change in the marginal shares. It should be clear that in such a case the curve we have just defined will get closer to the diagonal line so that the area between this curve and the diagonal will become smaller. However, since the definition of the Gini social immobility index G sim in (2) was a simple extension of the traditional definition of the Gini income inequality index (see Silber 1989b) to the case of social immobility measurement and since, in the former case, we know that the Gini index is equal to twice the area lying between the diagonal and the Lorenz curve, we can conclude that when the area lying between a "social immobility curve" and the diagonal decreases, the value of the social immobility index G sim will decrease. Therefore, the sum of two "progressive margin preserving transfers" leads to a decrease in the value of the Gini immobility index G sim .
2.B. An Ordinal Approach to Measuring Social Immobility: Drawing "Social Immobility
Curves"
We can first draw "Social Immobility Curves" as they have been defined previously in Section 2.A.2.b.2. Using results that have appeared in the income inequality literature we can conclude, when comparing social immobility in two populations, if in subpopulation A the "social immobility curve" lies nowhere below but at times lies above that corresponding to subpopulation B, social immobility in subpopulation A is smaller than that in subpopulation B.
COMPARING TWO SOCIAL MOBILITY MATRICES
Assume now that we want to compare two social mobility matrices {m ij } and {v ij }. Such matrices may refer to two different periods or to two population subgroups at a given time, such as ethnic groups, regions, etc. On the basis of each of these two matrices we could compute social immobility indices such as those defined in expressions (1) and (2), and conclude in which case social immobility is higher. This may, however, be too hasty a way to draw firm conclusions, as will now be shown.
Assume the social mobility matrices {m ij } and {v ij } correspond to two different time periods. The point is that social mobility may vary over time for various reasons. First, there may have been a change in the distribution of parents by social origin. Second, there may have been a change in the income distribution of the children. These two possibilities correspond evidently to a variation in one of the margins of the social mobility matrix. There may, however, be a third reason for a variation in the degree of social mobility. Even if there was no change over time in the margins of the social mobility matrix, there may have been a change in the degree of independence between the rows (social origin of the parents) and columns (shares of various income brackets) of this matrix. This distinction between the impact of a change in the margins of a matrix and a change in the "internal structure" of this matrix [this is the terminology used by Karmel and MacLachlan (1988) when they refer to the degree of independence between the lines and columns of a matrix] was pointed out by Karmel and MacLachlan (1988) in the framework of an analysis of changes over time in occupational segregation by gender.
The purpose of this section is to show that it is possible to apply the methodology proposed by Karmel and Maclachlan (1988) when analyzing changes over time in the degree social mobility (or when comparing the degree of social mobility of two population subgroups).
Such a methodology uses an algorithm originally proposed by Deming and Stephan (1940) . In addition, it will be shown [as was already stressed by Deutsch, Flückiger, and Silber (2006) in the framework of occupational segregation analysis] that it is possible to generalize this methodology by applying also the concept of Shapley decomposition (see Chantreuil and Trannoy 1999; Shorrocks 1999; Sastre and Trannoy 2002) . A simple presentation of this approach is given in Appendix B. As far as its application to social mobility analysis is concerned, we will be able to derive (see, Appendix C for the exact demonstration) the specific contributions to the overall variation in the extent of social immobility of changes in the income distribution of the individuals (the children) and in the distribution of the parents by social category (these two changes correspond to variations in the margins of the social mobility matrix), as well as in the "pure" variation in the extent of social immobility (changes in the degree of independence between the lines and columns of the social mobility matrix itself).
3.A. Neutralizing the Specific Impacts of Changes in the Margins of the Social Mobility
Matrix
The methodology to be used to isolate the specific effects of changes in the margins is borrowed from the literature on the measurement of occupational segregation (see Karmel and McLachlan 1988) and is extended here to the measurement of variations in the extent of social mobility.
As stated previously, assume that the population under scrutiny is divided into I categories of social origin and J income brackets. We can now define a matrix {q ij } in such a way that its typical element (q ij ) is equal to the product (m i. m .j ) of the margins i and j of the matrix {m ij }.
Clearly if m ij is equal to q ij for all i and j, there is independence between the social origin (the lines of the matrix {m ij } ) and the income of the individuals (the columns of the matrix {m ij } ). If m ij is not equal to q ij for at least some i and j, the rows and the columns are at least partially dependent and such a link between the income of an individual and his/her social origin should help us measure the extent of social immobility.
Let us now assume that we wish to decompose the variation over time in the extent of social mobility. In order to do so we will adopt a technique originally proposed by Deming and Stephan (1940) and used by Karmel and McLachlan (1988) . The idea, when comparing two matrices of proportions {m ij } and {v ij }, is to build a third matrix {s ij } which would have, for example, the internal structure of the matrix {m ij } but the margins of the matrix {v ij }. To derive quickly converge, as shown by Deming and Stephan (1940) , to a matrix {s ij } that has the margins of the matrix {v ij } but, in a way, the internal structure of the matrix {m ij }. In other words, the degree of social immobility corresponding to the matrix {s ij } is identical to that corresponding to the original matrix {m ij }, but the matrix {s ij } has the same "income distribution of the individuals" and the same "structure of the social origin of these individuals" as that of the matrix {v ij }. One could naturally have proceeded in the reverse order by starting with the matrix {v ij } and ending up with a matrix {w ij } that would have the margins of the matrix {m ij }, but the internal structure of the matrix {v ij }.
3.B. Decomposing Variations Over Time in the Extent of Social Mobility
In the previous section we have shown how the "move" from the matrix {m ij } to the matrix {v ij } included really two stages: one in which the margins were changed and one in which the internal structure of the matrix was modified. Let ∆SIM = SIM(v) -SIM(m) refer to the overall variation in the extent of social immobility. In Appendix C we first show, using the concept of Shapley decomposition (see Chantreuil and Trannoy 1999; Shorrocks 1999; Sastre and Trannoy 2002) , that ∆SIM may be expressed as the sum of a contribution C ∆ma of differences in the margins and a contribution C ∆is of differences in the internal structure of the two social mobility matrices compared.
Then, applying the idea of a Nested Shapley decomposition (see Sastre and Trannoy 2002) , we show that it is possible to further decompose the contribution C ∆ma of the margins.
More precisely, we show that this latter contribution C ∆ma may itself be broken down into the sum of the contributions C h and C t of the horizontal and vertical margins.
MEASURES OF SOCIAL IMMOBILITY VERSUS MEASURES OF INEQUALITY IN CIRCUMSTANCES
Given that the case we are studying is that where the lines of the matrix to be analyzed correspond to "social origin" categories (e.g., occupation or educational level of the parents) and the columns to income classes (to which the "sons" or "daughters" belong), one may want to adopt the terminology used in the literature related to the measurement of equality of opportunity and call the lines "types" or "circumstances." Under certain conditions one may want to call the columns "levels of effort," although such an extension implies quite strong assumptions concerning the link between income and effort.
In any case, we will limit ourselves to attempting to derive a measure of inequality in circumstances. Adopting Kolm's (2001) ideas, we may define the inequality in circumstances as the weighted average of the inequalities within each "income class" ("effort level"), the weights being the population shares of the various income classes. We cannot, however, measure inequality the way Kolm (2001) Using one of Theil's inequality measures this leads to the following measure of inequality within income class j:
The Theil measure of overall inequality in circumstances T circ would then be defined as
which is, in fact, identical to the measure T im of social immobility suggested in (1).
Let us now measure inequality in circumstances on the basis of the Gini index. Here again we will measure inequality within a given income class ("effort level") by comparing the distribution of the "actual shares" (m ij /m .j ) for each income class (j) with what could be considered as the "expected shares" (m i /1)= m i. . Using the Gini-matrix which was defined in (2) we derive the following measure of inequality within income class ("effort level") j:
where the two vectors (of length I) on both sides of the G-matrix in (6) and (7) To derive an overall Gini index of inequality of circumstances (G circ ) we will have to weight the indices given in (7) by the weights of the income classes j. We should however remember that in defining such an overall within groups Gini inequality index the sum of the weights will not be equal to 1 because each weight will in fact be equal to (m .j ) 2 in the same way as in the traditional within groups Gini index the weights are equal to the product of the population and income shares. We therefore end up with
Note that the formulation for G circ in (8) is not identical to that of G sim in (2). To see the difference between these two formulations, the following graphical interpretation may be given.
As was done when drawing a social immobility curve, put respectively on the horizontal and vertical axes the expected shares (m i. ) and the actual shares (m ij ), starting with income class 1 and ranking both sets of shares by increasing ratios (m ij )/(m i. ). Then do the same for income class 2 and continue with the other classes until you end up with income class I. What we have then obtained is a curve which could be called an "inequality in circumstances" curve which comprises I sections, one for each income class. Clearly the slope of this curve is not always nondecreasing. It is nondecreasing within each income class but the curve reaches the diagonal each time we end with an income class.
We should however note that the shares used to draw such an "inequality in circumstances curve" are the same as that used in constructing a social immobility curve [compare both sides of the G-matrix in (2) and (8) An illustration of the difference between an "inequality in circumstances" curve and a social immobility curve is given in Figure 1 which will be analyzed in the empirical section. Note that whereas the index G circ is equal to twice the area lying between the "inequality in circumstances" curve and the diagonal, the index G sim is equal to twice the area lying between the social immobility curve and the diagonal. The area lying between the inequality in circumstances curve and the social immobility curve may then be considered as a measure of the degree of overlap between the various income classes in terms of the gaps between the "expected" and "actual" shares.
THE EMPIRICAL ANALYSIS
5.A. The Data Sources
We have analyzed two sets of data. The first set is a survey of 2000 individuals conducted in
France by Thomas Piketty in the year 1998 with financial support from the McArthur Foundation (see Piketty 1999) . The data set contains 65 variables and includes income, many sociodemographic characteristics, and answers to questions on social, political, ethical, and cultural issues.
Two types of variables were drawn from this database. To measure the social origin of the parents we used information on the profession of either the father or the mother. Eight professions were distinguished: 1) farmer (i.e., head of agricultural enterprise) 2) businessman, store owner, or "artisan" 3) manager or independent professional 4) technician or middle-rank manager 5) employee 6) blue collar worker, including salaried persons working in agriculture 7) not working outside the household 8) retired
The social status of the children's generation was measured via their monthly income classified in eight categories:
1) less than 4,000 FF 2) from 4,000FF to 5,999FF 3) from 6,000FF to 7,999FF 4) from 8,000FF to 9,999FF 5) from 10,000FF to 11,999FF 6) from 12,000FF to 14,999FF 7) from 15,000FF to 19,999FF 8) 20,000FF or more
On the basis of these two variables we built a social mobility matrix {m ij } whose lines (i)
refer to the profession of either the father or the mother, depending on the case, and whose columns (j) correspond to the income group to which the individual (the child, either the son or the daughter, depending on the case examined) belongs. In other words, m ij represents the share in the total population of those who belong to income group j and whose parents had profession i.
The second data set we worked with was the Social Survey that was conducted in Israel in
2003. The social origin of the individual was measured via the highest educational certificate or degree the father of the individual had received. Seven educational categories were distinguished: 1) Elementary school completion 2) Secondary school completion, but not a baccalaureate 3) Baccalaureate certificate 4) Post-secondary, nonacademic certificate 5) BA, academic certificate, or similar certificate 6) MA, MD, or similar certificate 7) PhD or similar diploma
The status of the children was measured via the total gross income of all members of the household to which the individual belonged, whatever the source of the income (work, pensions, support payments, rents, etc.). Ten income classes were distinguished: 1) NIS 2,000 or less 1 2) NIS 2,001-3,000 3) NIS 3,001-4,000 4) NIS 4,001-5,000 5) NIS 5,001-7,000 6) NIS 7,001-9,000 7) NIS 9,001-12,000 8) NIS 12,001-15,000 9) NIS 15,001-20,000 10) More than NIS 20,000
refer to the educational level of the father and whose columns (j) correspond to the income group to which the individual (the child) belongs. In other words m ij represents the share in the total population of those who belong to income group j and whose fathers had educational level i.
We then analyzed differences in the degree of social mobility between three groups: the individuals whose father was born in Asia or Africa, those whose father was born in Europe or America, and those whose father was born in Israel.
5.B. The Results of the Empirical Investigation
5.B.1. Measuring Social Immobility
5.B.1.a. The French data
The results of the analysis are reported in Table 1 The first striking result is that the degree of social immobility is quite higher when comparing fathers and sons (Gini social immobility index equal to 0.202) or fathers to daughters (Gini index equal to 0.193) than when comparing mothers to sons (Gini index equal to 0.143) or even mothers to daughters (Gini index equal to 0.166). We also observe when comparing, for example, the degree of social immobility from fathers to sons with that from mothers to sons that the difference (lower degree of social immobility in the latter case) is even much higher once we control for the margins. In other words, the difference in the degree of "net social immobility" is, in this case, much higher (0.140 rather than 0.049 for the difference in "gross social immobility").
Note also that this impact of the margins is usually mainly one which is related to differences in the occupational structure of the parents.
In Figure 1 we have drawn the "Gross Social Immobility Curve" for the case where the transition analyzed is that from father's occupation to daughter's income. The second curve in Figure 1 will be analyzed in Section 5.B.2.a.
5.B.1.b. The Israeli data
The results of the analysis are presented in Table 2 , again with bootstrap confidence intervals. Note that here also in the three comparisons which are made the Gini indices of social immobility that are compared are significantly different from one another and each of the components is always significantly different from zero.
The most striking result here is certainly the fact that social immobility (mobility) is much The results are even more striking when we compare "gross" with "net" immobility using the algorithm described in Section 2.A.3. Thus, when looking at the results given in Table 2A we observe that whereas the "gross difference" between the Gini indices of social immobility of those born in Asia or Africa and those born in Europe or America is equal to 0.110, the "net difference" (net of changes in the margins) is equal to 0.310. Note also that this impact of the margins is essentially an impact of differences in the education levels of (the fathers of) the two groups compared.
Quite similar conclusions may be drawn when comparing individuals whose father was born in Asia or Africa and individuals whose father was born in Israel (Table 2B ).
In Figure 2 we compare "Gross" and "Net Social Immobility Curves." The "Gross" curves are drawn for two groups, corresponding respectively to the individuals whose father was born in Europe or America (EA) and Asia or Africa (AA). The "Net Social Immobility Curve" was drawn on the basis of a matrix which has the margins of the matrix of those born in Europe or America, but the "internal structure" of the matrix of those born in Asia or Africa. This evidence shows clearly how much bigger the gap in social immobility is when comparing the EA and AA groups once we control for the margins. Table 3 we give two examples of the use of the Theil or Gini indices of inequality in circumstances. The first example refers to French data where the data analyzed are those relative to the transition from the occupation of the fathers to the income class to which the daughters belong (see Table 3A and 3B). First we may note (see Table 3A ) that, as expected, the sum of the contribution of the various income classes to the overall Theil index of inequality in circumstances is indeed equal to this latter index. Second we may note that there is some discrepancy between the results in Tables 3A and 3B . Whereas on the basis of the Theil index the two income classes where inequality in circumstances is highest are those corresponding, respectively, to the income ranges 10,000FF to 11,999FF and 15,000FF to 19,999FF, the two income classes where inequality in circumstances is highest, according to the Gini index of inequality in circumstances, are those corresponding, respectively, to the income ranges 4,000FF to 5,999FF and 20,000FF or more. As far as the highest relative contributions of the income classes to the overall Theil or Gini indices of inequality in circumstances are concerned (remember that the weights of the income classes are not the same for the Theil and the Gini index) the results are quite similar. In both cases the highest relative contribution is that of the richest income class. The second highest is that of the class with an income range of 4,000FF to 5,999FF for the Theil index and that of the classes 4,000FF to 5,999FF, as well as 12,000FF to 14,999FF (the results are almost identical for these two income classes) for the Gini index.
5.B.2. Inequality in Circumstances
5.B.2.a. The French data In
As mentioned previously we have drawn in Figure 1 the "Gross Social Immobility Curve"
for the case where the transition analyzed is that from father's occupation to daughter's income.
On this same graph we have plotted what was previously called a "Curve of Inequality in
Circumstances." The large area lying between both curves indicates clearly that the gap between the "expected" shares (m i. m .j ) and the "actual" shares m ij is not a function of income, hence the great degree of overlapping between the income classes when the ranking is based on the ratio of actual over expected shares.
5.B.2.b. The Israeli data
The second illustration is based on Israeli data concerning individuals whose father was born in Asia or Africa (see Table 3C ). Unfortunately we could not compute Theil indices because some of the cells in the data matrix were empty. For the Gini index (see , Table 3 -C) the two income classes with the highest values of this index are those corresponding to the income ranges NIS 3,001 to 4,000 and NIS 4,001 to 5,000. We may also observe that according to the Gini index (see Table 3C ), the two income classes that contribute most to the overall value of the Gini index of inequality in circumstances are those corresponding to the income ranges from NIS 7,001 to 9,000 and 9,001 to 12,000.
CONCLUDING COMMENTS
This paper first suggested new tools of analysis to study intergenerational social immobility.
More precisely, two indices measuring social immobility were proposed, derived from the Theil and Gini indices of inequality, and the concept of "social immobility curve" was introduced. The main contribution of this paper is, however, its stress of the need to make a distinction between concepts of "gross' and "net" social immobility and, hence, to emphasize the fact that when comparing social immobility in two groups it is probably better to base the comparison on a case where the margins of the matrices corresponding to the two groups are the same. In fact, it appears that measures of differences between two groups in "gross" versus "net" social immobility may sometimes lead to opposite conclusions. Finally, this paper also suggested two measures of inequality in circumstances, derived also from the Theil and Gini indices. Whereas the Theil index of inequality in circumstances turned out to be identical to the Theil index of social immobility, we showed that the Gini index of inequality in circumstances did not measure the same thing as the Gini index of social immobility and these differences were indeed confirmed by the empirical illustration. ∆T im in (A-1) will certainly be negative since the Theil index decreases when a "progressive transfer" is made. As a consequence, the two transfers previously mentioned will increase social mobility.
What does the condition that ∆T im = ∆T1 + ∆T2 < 0 imply? Using (A-2) and (A-3) we see But since, by definition, ( m f. / m l. ) > 0, this implies that we assume also that [-m .h 
Both conditions then lead to
The other possibility is that we assume that [m .h ε 1 -m .k ε 2 ] < 0
In such a case, (A-5) amounts to assuming
But since, by definition, ( m f. / m l. ) > 0, this implies that we assume also that [-m .h 
Remember, however, that we defined ε We may therefore conclude that the only assumption that needs to be made is that
But (A-23) implies that condition (A-9) will always hold and since condition (A-9) implies that ∆T im < 0, we may safely conclude that the sum of two "margin-preserving" transfers will always lead to a decrease in the value of the Theil immobility index.
APPENDIX B. On the Concept of Shapley Decomposition
The concept of Shapley decomposition is a technique borrowed from game theory but extended to applied economics by Shorrocks (1999) and Sastre and Trannoy (2002) .
Assume an indicator (I) is a function of three determinants a,b,c and is written as I= I (a,b,c) . I could be an index of inequality, but, more generally, any function of variables, this function being linear or not.
There are obviously 3!=6 ways of ordering these three determinants a, b, and c: (a,b,c) , (a,c,b) , (b,a,c) , (b,c,a) , (c,a,b) , (c,b,a) The idea of the Shapley decomposition is to compute the marginal contribution of each of the three determinants a,b,c.
Let us take the case of a. The marginal contribution C(a) of a is computed by comparing the value of I when a≠0 and its value when a=0. However, in each of these two cases (a≠0 and a=o), the other determinants (b and c) may themselves be different from 0 or equal to. Hence, the importance of taking into account all the possible orderings of a, b, and c. 
APPENDIX C. Decomposing Variations over Time in the Extent of Social Mobility
In the previous section we have shown how the "move" from the matrix {m ij } to the matrix {v ij } really included two stages: one in which the margins were changed and one in which the internal structure of the matrix was modified. Let ∆SM = SM(v) -SM(m) refer to the overall variation in the extent of social mobility. ∆SM may also be expressed as ∆SM = f(∆m, ∆is), where ∆m and ∆is refer, respectively, to the variation in the margins of the matrix and in its internal structure.
Using Shapley's decomposition (see Shorrocks 1999; Sastre and Trannoy 2002 ) the contribution C ∆ma of a change in the margins to the overall variation ∆SM may be written as: Similarly, the contribution C ∆is of the change in the internal structure of the matrix to the overall variation ∆SM will be expressed as: It is easy to observe that C ∆ma + C ∆is = ∆SM Using the definitions of the matrices {s ij }and {w ij }given in Section 2.B.1, we derive that the contributions C ∆ma and C ∆is may be also written as The problem solved by bootstrapping can be formulated as follows. We have a random sample X = (x 1 ,…..x n ), obtained from an unknown probability distribution A and we want to estimate a parameter (e.g., the index) θ= t(A) on the basis of X.
We calculate an estimation of ) ( X s = θ using X; then the problem is to know how accurate this estimate is. Bootstrapping technique is based on resampling with replacement.
Each bootstrap sample X* is an independent random sample of size n from the empirical distribution followed by X (that we call Â). To each bootstrap sample corresponds a bootstrap estimation of θˆ: 
